Analysis of the Extracellular Polysaccharide-based Structures Produced by a Halophylic Archaeon by MIRONESCU, Ion D. et al.
 346 
Bulletin UASVM Animal Science and Biotechnologies, 68(1-2)/2011 
Print ISSN 1843-5262; Electronic ISSN 1843-536X 
 
Analysis of the Extracellular Polysaccharide-based Structures  
Produced by a Halophylic Archaeon 
 
Ion D. MIRONESCU1), Monica MIRONESCU2), Cecilia GEORGESCU1),  
Ioan N. RANGA2), Maria L. IANCU2), LetiŃia OPREAN2) 
 
1)
“Lucian Blaga” University, Faculty of Agricultural Sciences, Food Engineering and Environmental 
Protection, Department of Food Engineering, Sibiu, Romania; imirod@yahoo.co.uk 
2)
“Lucian Blaga” University, Faculty of Agricultural Sciences, Food Engineering and Environmental 
Protection, Department of Food Biotechnology, Sibiu, Romania 
 
Abstract. This paper investigates the components distribution and structure of an extracellular 
polysaccharide (EPS) produced by the halophilic archaeon Haloferax mediterranei in the presence or 
absence of the archaeon by using optical microscopy. The results show that EPS at the end of 
cultivation is arranged as a discontinuous biofilm and the cells are embedded in this biofilm. EPS and 
cells cannot be separated through centrifugation, cells remaining attached to the polysaccharide; the 
biofilm in the supernatant has a similar aspect as in the cultivation broth. The biofilm formed from the 
supernatant by drying at room temperature is very rich in salts from the cultivation broth (around 200 
g/l from which 125 g/l NaCl) and consists on salt crystals which incorporate or are embedded by a 
film of EPS, distributed discontinuously and having some globular components. In the absence of salts 
(removed through dialysis), the biofilm formed in the aqueous environment is discontinuous and 
consists on globular polysaccharides connected by linear EPS which entraps cells remained after 
centrifugation. 
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INTRODUCTION 
 
In the last years, an increased interest on extremophylic microorganisms as 
extracellular polysaccharides (EPS) producers was shown (Oren, 2002). The extreme 
halophylic archaeon (haloarchaeon) Haloferax mediterranei is such a microorganism, 
growing at extremely high concentrations of NaCl (between 18% and 25%)(Anton et al., 
1988). The microorganism can form a biofilm where EPSs are the main components, with six 
monosaccharides in composition: two aminosugars (glucosamine and galactosamine) and four 
neutral sugars (mannose, glucose, galactose and ribose) (Mironescu, 2008), uronic groups and 
half sulphate esters groups susceptible to have antiviral action (Sutherland, 1994). EPSs can 
form associates which are stabilized through hydrogen bonds (Mirzarakhmetova et al., 2001), 
these associates having spherical shape or forming long chains depending on the solvent used 
and on the ions present (Mironescu and Mironescu, 2009) (Mirzarakhmetova et al., 2001). 
The rheological measurements on EPS produced by H. med. revealed that the 
polysaccharide has pseudoplastic behaviour, strong ampholytic character and the biopolymer 
maintains his structure at high temperature, being resistant at 100°C longer as xanthan 
(Mironescu and Mironescu, 2011). Due to the adaptation to high salt concentrations, EPS are 
resistant to salinities up to 40% NaCl (Boan et al., 1998). 
In the presence of monovalent ions, EPS forms polymeric networks with dimensions 
distributed in a large range (0.07-2 µm); in the presence of divalent ions, separable colloidal 
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flocks (2-4 µm) are obtained, whereas in aqueous solutions, particles with intermediary 
dimensions (0.2–1 µm) are formed (Mironescu and Mironescu, 2009). 
In a previous research, a concept for a biopolymer-based film formulation containing 
NaCl, EPS from H. med. and extracellular proteins produced by the same microorganism was 
presented (Mironescu and Mironescu, 2006). The concept was developed taking into account 
the high content in NaCl in the cultivation substrate (125 to 150 g/l) and was based on the 
idea to build a biofilm directly from the supernatant obtained after cells removal at the end of 
cultivation. This solution decreases the waste products quantity and the production costs for 
this microorganism, making the bioprocess cheaper and easier. In the same time, the salts 
present in film have conserving action and could be applied at preserving foods. Also, EPS 
remained in the supernatant offers many advantages: adaptation to very high salinity levels, 
antiviral action (due to the sulphate groups) and good thickening properties due to the 
rheological properties. The biofilm can also contain extracellular protein produced by H. med. 
(Mironescu and Mironescu, 2008). 
This research analyses the components distribution and structure in the network 
formed in the cultivation broth in the presence or absence of the archaeon. Also, the structural 
modifications in an environment with and without salt or water are analyzed.  
 
MATERIALS AND METHODS 
 
Haloferax mediterranei strain ATCC 33500 was cultivated in flasks at 38oC with 
continuously gentle agitation. For the cultivation, a medium containing 5 g/l glucose, 200 g/l 
NaCl, 50 g/l MgCl2, 5 g/l K2SO4, 0.133 g/l CaCl2, 5 g/l yeast extract, 5 g/l peptone was used; 
pH was adjusted to 7.2 with NaOH 1n. For EPS measurement, a colorimetric method was 
used, after salts removal through dialysis (Mironescu et al., 2003). The cultivation was 
realized for 20 days when the EPS concentration was around 5 g/l and was assumed that all 
proteins from the cultivation broth were consumed by the microorganism. 
The analyzed systems were:  
1) Mix of cells with substrate and metabolites at the end of cultivation;  
2) Sediment and supernatant after centrifugation at 18000 rpm, 4oC for 10 minutes;  
3) Supernatant from which the salts were removed through extensive dialysis against water 
for 24 h at 4oC until the conductivity in the purified product was smaller as 5 µS/cm; 
4) Film formed from the supernatant by drying at 20°C. The drying was realized by putting 
the samples in Petri dishes with an initial liquid height of 1 mm and maintaining in thermostat 
at controlled temperature for 24 h; 
5) Film formed from the product purified (after dialysis) by drying at 20°C; the drying was 
realized in the same manner as those from the supernatant. 
The structure and the structural changes in these systems were analyzed 
microscopically using the transmitted-light microscope AxiostarPlus with digital image-
acquisition. Alcian blue (AB) and fuxin (F) were used for staining, alcian blue colouring the 
polysaccharides in blue and fuxin colouring proteic compounds and cells in red (McKinney, 
1953).  
 
RESULTS AND DISCUSSION 
 
Images of the network formed by H. med. cells together with the extracellular 
metabolytes are presented in Figure 1. EPS forms a film which incorporates cells 
agglomerates (or associations); as observed in Figure 1A, the film is not continuous. 
Individual cells and associations of archaea are caught together by a dense extracellular 
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network which colors in blue, indicating that the network consists mainly on EPS; very few 
cells are not caught in the extracellular net (red stained in Fig. 1).  
 
 
  
A (40x) B (100x) 
Fig. 1. Cells of Haloferax mediterranei and metabolites forming specific structures in the cultivation broth, 
observed by optical microscopy, stained with alcian blue and fuxin 
 
Figure 2 shows the associations formed after centrifugation. The precipitate contains 
not only H. med. cells (red stained), but also relatively high quantities of EPS (blue stained) 
(Fig. 2A), which remains together with the microorganism after centrifugation and cannot be 
separated from the cells. EPS caught inside the precipitate appear not as a large film, but as 
small fragments, very probably because the film was destroyed during centrifugation and 
small quantities remained with the cells. EPS retained with the microorganism are practically 
lost, their recovery being too difficult and expensive. 
The supernatant obtained after centrifugation contains polysaccharide films and some 
cellular aggregates (Fig. 2B). The films resulted are smaller as in the cultivation broth at the 
end of cultivation, most probably because of their destruction during centrifugation. So, the 
results indicate that centrifugation don’t allows the completely separation of cells from the 
polysaccharide. 
     
 
A (20x) B (40x) 
Fig. 2. Images of precipitate (A) and of supernatant after centrifugation (B) stained with alcian blue and fuxin. 
     
The system obtained after salts removal from the supernatant through dialysis is 
presented in Figure 3. The purified EPS seems to form two types of structures: a quasi-
continuous film (better visualized in Fig. 3A) and some polysaccharidic associations (better 
visible in Fig. 3B). In the associations, the structure of EPS is globular.  
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The cells remained are incorporated inside these structures. 
 
 
  
A (40x) B (100x) 
Fig. 3. Supernatant from which the salts were removed through dialysis against water showing two types of 
structures of the polysaccharide 
 
 
The film obtained from the supernatant after cells removal dried at room temperature 
(20oC) has a specific structure (Fig. 4); salt crystals surrounded by a polysaccharidic film or 
even incorporating EPS are visible, the film being not continuous (Fig. 4A). The EPS 
associations show a partial globular structure (Fig. 4B), indicating a structural change of the 
polysaccharide in the absence of water. 
 
 
 
A (20x) D (100x) 
Fig. 4. Films obtained from the supernatant at drying at 20oC 
 
 
These changes are visible in the film formed by the purified product after dialysis 
(Fig. 5), the presence of some globular aggregates connected by linear structures being 
observed. The cells aggregates are visible in the film obtained from the purified product after 
dialysis, too. 
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A (20x) B (100x) 
Fig. 5. Film obtained from the purified product after dialysis 
 
 
CONCLUSIONS 
 
The microorganism Haloferax mediterranei produces EPS, which surround the cells 
and incorporates them in a discontinuous biofilm. EPS cannot be totally separated from the 
cells through centrifugation, high quantities of polysaccharide being lost with the archaeon. 
Also, a large number of cells remains caught in a polysaccharidic film and cannot be 
separated by conventional separation methods (centrifugation, dialysis).  
In the absence of cells, the EPS structure is different depending on the water content. 
In the presence of water, a discontinuous biofilm is formed in salty and aqueous solution 
having a similar appearance.  
The film formed after water removal by drying incorporates the salt crystals in the 
sample containing salts from the cultivation broth. In these films EPS arrange in a globular 
form, the globules being bigger in the film formed in the presence of salts. 
For the given concentration of EPS (5 g/l before dialysis), no continuous film can be 
obtained. 
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